ABSTRACT Objective: To assess maxilla and mandibular arch widths' response to Haas-type rapid maxillary expansion (RME) anchored to deciduous vs permanent molars on children with unilateral posterior crossbite. Materials and Methods: Seventy patients with unilateral posterior crossbite recruited at the Universities of Genova, Siena, and Insubria (Varese) were randomly located into GrE (RME on second deciduous molars) or Gr6 (RME on first permanent molars) and compared. Results: Upper intermolar distance and permanent molar angulation increased significantly in Gr6 vs GrE at T1. Upper intercanine distance increased significantly in GrE vs Gr6 at T1 and T2. GrE showed significant increases for upper intermolar and upper intercanine widths. Gr6 showed statistically significant increases for upper intermolar widths, for upper and lower intercanine widths, and for increases of angulation of upper and lower permanent molars. Conclusions: GrE showed reduced molar angulation increases at T1 and reduced molar angulation decreases at T2 when compared with Gr6.
INTRODUCTION
Posterior crossbite is a common clinical condition often associated with transverse maxillary deficiency and functional mandibular shift. This frequent malocclusion is not self-correcting and can lead to the development of craniofacial asymmetries and mandibular dysfunction. [1] [2] [3] The effects of rapid maxillary expansion (RME) on the maxillary complex have been highly investigated, 4 reporting a maximum maxillary intermolar and intercanine width increase of 6.7 mm and 5.3 mm, 5 respectively, when RME is banded on upper first permanent molars. Literature 6 also reported cases of periodontal and endodontic damage on RME anchoring teeth; therefore, some authors [7] [8] [9] [10] have suggested banding RME on primary teeth and reporting also different mean intermolar (3.6-4.1 mm) 8, 10 and intercanine width increases (5-5.9 
mm).
Few studies have investigated the changes in molar dental tipping and inclinations (on average from 3u up to 16 .7u) 9, 11 following RME but comprised difficult (ie, barium sulfate solution) 12 and more invasive examinations such as computed tomography and cone beam computed tomography (CBCT). 13, 14 Few articles 8, [15] [16] [17] concerning the indirect effects on mandibular arch following RME 11, [18] [19] [20] reported a low but statistically significant increase of lower intermolar (0.66 21 -0.97 mm) 20 and intercanine width (0.9 mm). 8, 20 Since no studies in the literature have analyzed the differences in permanent vs primary molars as anchoring teeth for RME, the decision to band the permanent deciduous molars did not follow a clinical protocol, but an individual decision was made for each patient based on clinician experience.
The aim of the current study was to evaluate maxillary and mandibular arch widths' response to RME when it is anchored to the upper second deciduous molars or to the upper first permanent molars and to create a decision-making protocol for RME therapy in mixed-dentition patients.
MATERIALS AND METHODS
The design of this study was first approved by the Institutional Ethical Review Board of the Universities of Genova, Siena, and Insubria (Varese), Italy. Eightyeight consecutive children presenting unilateral posterior crossbite were recruited in the corresponding three departments of orthodontics. The inclusion and primary and secondary exclusion criteria are shown in Tables 1 and 2 . The final sample of patients comprised 70 subjects (31 boys and 39 girls; mean age, 8.4 6 1.1 years) in Class I or Class II dental malocclusion with ANB ,5u.
Subjects were randomly assigned to group GrE (RME on second deciduous molars; Figure 1a ) or Gr6 (RME on first permanent molars; Figure 1b ) by using a stratified blocked randomization with random block sizes performed by an electronic computer program. Patients were also stratified according to age and gender. The treating clinician was blinded from the randomization procedure, but because of clear differences in appliance design, blinding was not possible during the treatment period. The cast examiner was also blinded from the treatment protocol.
In GrE or Gr6, when RME was in situ, patients started the screw activation (Snap-lock expander screw, Forestadent, Pforzheim, Germany) of one-quarter turn a day (0.22 mm) until overcorrection was achieved (ie, the occlusal surface of the first maxillary palatal cusp contacted the occlusal surface of the mandibular first molar facial cusp), and the RME remained in place for 10 months. The screw was turned for 41 6 8 days for GrE and for 35 6 6 days for Gr6, and the average treatment time was 12 6 1.3 months. Dental casts were taken at T0 (before the treatment) and at T1 (5 months after the end of the active treatment, with RME in situ in GrE to avoid second deciduous molar exfoliation and with RME temporarily removed for the impression in Gr6) and at T2 (5 months after T1), according to the protocol by Cozzani et al. 8 The mean age of the patients at T0, T1 and T2 is reported in Table 3 .
Measurements on 3D Dental Casts
The maxillary and mandibular casts were processed by a three-dimensional (3D) scanner (NextEngine, Inc, Santa Monica, Calif), and landmarks were traced by means of Geomagic 3D Software (Research Triangle Park, Durham, NC). Measurements were subsequently calculated directly on scanned dental casts by means of 
Statistical Analysis
Method error. To standardize measurements, data were collected by the principal investigator and checked by another senior clinician. Measurements and landmark location were repeated (3 days after the first measurement) on 25 randomly selected casts to determine the error of method.
Dahlberg's values method error 24 (inter-and intraoperator) was performed and ranged from 0.17 to 0.53 mm (not significant). Also, intraclass correlation coefficients 25 were calculated, and all values were larger than .95. Standard deviations between repeated measurements were found to be in the range of 0.08 to 0.17 mm for all measurements and of 0.09u to 0.2u for angular measurement. Overall, the method error was considered negligible.
Descriptive statistics were computed for all analyzed variables (Tables 3, 4 and 5) . Shapiro-Wilks test showed that data were normally distributed (W 5 0.93 in Tables 4 and 5) . A one-way repeatedmeasures analysis of variance (ANOVA; T0, T1, and T2 were the independent variables) was used to find statistically significant differences for the variables analyzed in the same group (widths and angulations). When a statistically significant difference was found, a post hoc test (Bonferroni corrected) was performed. In Table 6 , GrE and Gr6 changes at T1 and at T2 were compared using Student's t-tests. Probabilities of less than .05 were accepted as significant in all statistical analyses (P , .05).
Sample size was calculated a priori based on a primary outcome (molar expansion, as continuous MULTICENTRIC RCT ON RME ANCHORED TO DECIDUOUS VS PERMANENT outcome) to obtain a statistical power of the study greater than 0.85, using the mean values and standard deviations of maxillary molar expansion after RME therapy found by Cozzani et al., 8 at a 5 .05 and b 5 .2). Based on these parameters, to have an 85% chance of detecting as significant (at the two-sided 5% level) a five-point difference between the two groups, with an assumed standard deviation of 20 and a loss to follow-up of 20%, the sample size required was 30 patients in each group.
The effect size (ES) coefficient (d) 26 was also calculated. An ES of .2 to .3 might be a ''small'' effect and thus a small clinically significant difference, about .5 a ''medium'' effect, and 0.8 to infinity a ''large'' effect.
RESULTS
Clinical crossbites were entirely corrected in 100% of the cases at T1 and at T2. At T2 in GrE, during the appliance debonding, 6 (8%) second deciduous molars were lost (removed with the RME).
No differences between GrE and Gr6 were found at T0 for age, sex distribution, or for the variables regarding dental measurements. At T1, there were no statistical differences (P 5 .4) for the screw activation between the groups.
Both ANOVA for GrE (Table 4) and ANOVA for Gr6 (Table 5) showed a statistically significant increase between T0-T1 and T0-T2 for upper intermolar vestibular and palatal widths and for upper intercanine width. Moreover, a statistically significant increase of the angulation of the upper right and left first permanent molars, of the lower intercanine distance, and of 3.6 and 4.6 angulations was also found in Gr6. When GrE was compared with Gr6 (Table 6 ), at T1, there were statistically significant larger increments of upper intermolar vestibular and palatal distances as well as of upper first right and left molar angulations in GR6 than GrE. The ES was small for upper intermolar vestibular and palatal distance and medium for 1.6 and 2.6 angulation. There was also a statistically significant larger increase of upper intercanine distance of 1.8 mm (P 5 .005) in GrE compared with Gr6. The ES was large.
At T2, GrE showed a statistically significant larger increase of upper intercanine distance of 1.6 mm (P 5 .02) in comparison with Gr6 patients. The ES result was medium.
DISCUSSION
All subjects were selected before the pubertal peak (CVM 1-3). In these three stages, RME patients exhibit significant and more effective long-term chang- es at the skeletal level in both maxillary and circummaxillary structures. 27 Between T0 and T1, there was a significant larger increase of upper intermolar vestibular and palatal width together with a larger increase of 1.6 and 2.6 angulation in Gr6 vs GrE patients. Patients in GrE showed instead a trend of reduced angulation increases of 1.6 and 2.6 at T1 and reduced angulation decreases of the same teeth at T2. This is in accordance with Asanza et al., 28 who assessed that banded RME will produce tipping of the anchor tooth (an average of 3u) instead of true skeletal expansion, although this tipping is not considered clinically significant. Ferrario et al. 11 found 17.6u of molar vestibular inclination increase, but that was due to the use of the less rigid NiTi palatal expander. In our study, we found also a small ES and thus a small clinical significance. Moreover, at T2, the significant difference for the increase of 1.6 and 2.6 angulation between Gr6 and GrE disappeared, thus indicating the same expansion conditions for both groups at the end of treatment. In GrE, the molar width increase is mainly related to the actual molar expansion (85%), and only a minor percentage was related to the angulation a ANOVA for Gr6. Post hoc tests (Bonferroni corrected) are reported for variables with a statistically significant difference found by ANOVA. * P , .05; ** P , .01. increase (15%). On the opposite, in Gr6, angulation produced 45% of the molar expansion. At T1 and T2, we also found a significant larger increase of upper intercanine width in GrE vs Gr6 patients, which was not associated with differences in the increase of upper canine angulation. These results suggest a better and more stable expansion in the anterior area in GrE, probably due to a more anterior position of the screw. Regarding the lower arch, between T0 and T2, for both groups there was a general tendency of increase of lower molar and canine values together with increase of lower intermolar and intercanine widths, but no statistically significant differences between GrE and Gr6 were found, in accordance with Cozzani et al. 8 Between T0-T1 and T0-T2, GrE patients showed a statistically significant increase of upper intermolar vestibular and lingual widths together with intercanine width. There was no statistically significant increase of the angulation of 1.6, 2.6, 5.3, or 6.3, thus indicating no dental tipping and dentoalveolar compensation. Although there was a general tendency of expansion of the lower arch, no statistically significant differences were found regarding the variables for the lower arch in GrE. In Gr6 patients, statistically significant increases of upper intermolar vestibular and lingual widths together with intercanine width were observed between T0-T1 and T0-T2. In this case, there was also a significant increase of the angulation of 1.6 and 2.6, indicating dental tipping and dentoalveolar compensation. 11, 29 In contrast with previous investigations, 15-17 the present study did not find any statistically significant increase of lower intermolar width but rather a significant increase of lower 3.6 and 4.6 angulation (+6.8u, 2.9u right and 3.9u left) in Gr6 between T0 and T2 ( Figure 6 ). This change was probably due to occlusal changes following 1.6-2.6 angulation increase so that the resultant force vector acting on the mandibular teeth (especially molars) was more vestibular directed, because the occlusal aspect of the lingual cusp of upper first molars contacted the occlusal aspect of the facial cusp of the lower first molars, as stated by Haas. 18 Haas 18 also associated these changes to the ''lip bumper effect''; that is, the lateral movement of the maxillae widened the area of attachment of the buccal musculature.
In Gr6, a significant increase of lower intercanine width (mean of 1.8 mm) between T0 and T2 was also found, in accordance with previous studies. 8, 17, 18 Two long-term retrospective trials reported the changes in untreated (Class I or Class II malocclusion but not crossbite) control groups. 29, 30 They found a reduction in mandibular arch perimeter, mainly related to the exfoliation of the mandibular second deciduous molars; a slight decrease in intercanine width; and very little or no increase in molar width. For ethical reasons, it was not possible to assemble a control group, since the crossbite is not a self-correcting situation. Moreover, emphasis was given to two different clinical procedures, and this was made with a longitudinal design, in which each patient was his or her own control.
In our study, a custom-designed digital procedure was used to evaluate tooth angulation measurements. Based on our previous investigation, 23 this procedure showed good results in terms of reproducibility and reliability of the method, compared with other questionable methods to measure angulation of the crowns (eg, manual protractor, trimming models) Nevertheless, further comparisons between this method and new modern (but more invasive) measurement methods, such as CBCT, may help to confirm the effective reproducibility and reliability of the custom-designed digital procedure.
Although the literature considers a retention period of 6 months sufficient for patients undergoing RME treatment during their CVM 1-3, 31,32 our procedure revealed interesting clinical aspects such as the stability of upper second deciduous molars in GrE: at T1, no anchoring teeth were lost, and at T2, only a small percentage (8%) of the anchoring deciduous molars remained attached to the bands of RME. Therefore, our inclusion criteria of availability of the second deciduous molars through orthopantomogram examination could be taken as a clinical reference in the evaluation of anchoring RME on deciduous teeth for an RME treatment of unilateral posterior crossbite.
CONCLUSIONS
N GrE patients show reduced molar angulation increases at T1 and reduced molar angulation decreases at T2 (ie, less dental compensation) when compared with Gr6 patients. Moreover, at T2, the net increase of maxillary intercanine distance in GrE is still significant compared with Gr6, indicating a more stable expansion on the anterior region of the arch. N Transverse maxillary deficiency can be successfully corrected with RME on upper second deciduous molars, avoiding undesirable periodontal effects on permanent teeth when RME is anchored on the upper first permanent molars. N RME anchored on second deciduous molars was clinically efficient when the root of the anchoring tooth had at least the same length of the clinical crown at the orthopantomogram rx examination.
